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[57] ABSTRACT

A Doppler compensated PSK signal processor which
receives a plurality of messages from a sensor array and
decodes each message for further data processing. The
signal processor compensates for the Doppler shift in
the message frequency due to the velocity differential

E. L2 oo vesssssessesssassanes  GoiS 5/18  between the transmitting vehicle and the sensor array.

The message is decoded for a valid identification code
from which is derived a time mark related to a specified
system time to provide range and direction information

for the identified transmitting vehicle. The telemetry
data in the message and the time mark are output to a

data processing system on an interrupt basis to provide
tracking and data analysis for the transmitting vehicle.

17 Claims, 12 Drawing Figures
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1

DOPPLER COMPENSATED PSK SIGNAL
| | PROCESSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention
- The present invention relates to signal processing,

and more particularly to a Doppler compensated signal
processor for processing acoustic PSK messages.

2. Description of the Prior Art

Prior underwater test ranges used vehicles which
transmitted a tone burst signal to provide location infor-
mation and which did not transmit telemetry data. A

o high signal-to-noise ratio signal was required in order to
~ detect a threshold level on the envelope of the tone

burst signal to provide a time mark for determining
range and direction information for tracking, and the
time mark would not be generated at the same point of
the envelope from signal to signal resulting in tracking

. errors. Also, since all vehicles generated the same tone
~ burst signal, it was not possible to differentiate between

multiple vehicles. |

To provide more accurate tracking data and to pro-
vide vehicle identification, status and telemetry data, a
PSK synthesizer was developed (see co-pending appli-

cation Ser. No. 900,211 by Alan L. Lindstrum entitled

“A:PSK ‘Pulse Synthesizer” filed Apr. 26, 1978) to
convert the vehicle acoustic transmitter from a tone

~ burst generator to a PSK message generator to provide

vehicle identification, status and telemetry data. Since
any -change in the frequency of the PSK message due to
Doppler shifts' will introduce an error in the tracking
data, a Dcppler compensated PKS signal processor was

required.

| SUMMARY OF THE INVENTION
Accordmgly, the present invention provides a Dop-

. pler compensated PSK signal processor which compen-

sates, for any Doppler shift in the transmitted PSK mes-
sage frequency, detects a valid identification code, de-
codes the PSK message and generates a timing mark for
tracking the transmitting vehicle. A plurality of PSK

- messages ‘from an acoustic sensor array are demulti-
plexed with ‘the signal levels adjusted to normalized

values. Each sensor message is processed similarly in

parallel. The message goes through a frequency track-
ing loop so that the signal processor clock is in fre-

quency 'synchronization with the message frequency

- regardless of any Doppler shift. The identification bits
‘are detected and validated. The vahidation of the ID
code generates a timing mark which transfers a time to
the output, the time being measured from a range time

benchmark with which the transmitting vehicle is syn-
chronized. The telemetry data portion of the message is
also transferred to the output. A microprocessor acts as
a data buffer.for a data processor and transfers the data
from the signal processor to the microprocessor on an
interrupt basis after each message has been decoded.

- Therefore, it is an object of the present invention to
provide a Doppler compensated PSK signal processor
for decoding acoustlc PSK messages from a transmit-

‘ting vehicle.

Another object of the present invention is to provide
a Doppler compensated PSK signal processor for gen-
erating accurate tracking information at low signal-to-
noise ratios.

Still another object of the present invention is to
provide a Doppler compensated PSK signal processor
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for generating unique tracking information for multiple
transmitting vehicles.

Other objects, advantages and novel features of the
present invention will be apparent from the following
specification when read in light of the appended claims

and attached drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a block diagram of an underwater tracking
system using a Doppler compensated PSK signal pro-
CESSOT.

FIG. 2(a-f) is a schematic diagram of one channel of
the Doppler compensated PSK signal processor.

FIG. 3 is a timing diagram for one channel of the
Doppler compensated PSK signal processor of FIG. 2.

FIG. 4 is a graph of correlatlon in blts versus time in
bit penods e

FIG. § 1s a representatmn of (a) a typical data mes-
sage word, (b) its counterpart computer word in the
microprocessor, and (c¢) the microprocessor control
word formats.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1 an underwater vehicle 10 1s
shown in motion relative to a fixed acoustic sensor
array 12 having, for example, sensors X, y, z and c at the
corners of a cube. A telemetry multiplexer 14 located 1n
the vehicle 10 provides telemetry data to an acoustic
transmitter 16. The acoustic transmitter 16 outputs a
PSK message containing a unique identification code in
an identity code portion, and status information and
telemetry information in a status and telemetry portion
to an acoustic emitter 18. The acoustic emitter 18 emits
sound waves in the form of the PSK message from the
transmitter 16. The acoustic PSK message 1s recelved
by each sensor x, y, z and c of the acoustic sensor array
12 at different times depending upon the relationship of
the vehicle 10 to the array.

The sensors x, y, z and ¢ detect the acoustic signal
and convert it to four electrical signals, each containing
the same information but occurring at slightly different
times as discussed above. From the time of reception at
each sensor x, y, z and c the position of the vehicle can
be computed based upon a system time pulse I, with
which the acoustic transmitter is synchronized. A multi-
plexer 20, such as a frequency division multiplexer,
mixes the four signals onto one cable 22 with appmpri—-
ate pre-emphasis added for transmission to a processm g
center 24.

A signal conditioner 26 demultiplexes the signal from
the cable 22, adjusts the four signal levels to their origi-
nal values, normalizes the noise level and filters the
signals before applying the signals to a Doppler com-
pensated PSK signal processor 28. The Doppler com-
pensated PSK signal processor 28 has an identical chan-
nel for each sensor signal, so only one will be described
here as representative of all. The signal from the ¢ sen-
sor is input to a Doppler compensation circuit 30 which
causes an internal oscillator to track the frequency of
the input signal and generate timing signals. The Dop-
pler compensation circuit 30 provides timing to a detec-
tor 32 and correlator 34 which detect the ID bits of the
PSK message and compare them with a plurality of
identification codes to determine a match and identify
the matched code. A portion of the signal passes
through the Doppler compensation circuit 30 to a signal
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and noise monitor 36 which determines the acoustic  to ground for a zero error signal to calibrate the VCO
noise level to provide a fault indication if the noise level 70 center frequency, or to an error voltage which will

is too high or too low (receiver malfunction), and to be described shortly. A first counter 72 divides the
regulate other circuits to be discussed infra depending VCO frequency by two and by sixteen to provide a 1.2
on the mgnal -to-noise ratio. For instance if the signal-to- 5 MHz signal-and a 150 kHz signal. The VCO 150 kHz
noise ratio is very strong on one channel and weak on signal is applied to an exclusive OR gate 74 which acts

the other channels the output is inhibited by a cross-talk as a mixer, with the 1333 kHz signal applied to the other
prevention circuit 37, or for strong signal-to-noise ratios input. The 163 kHz output of the OR gate 74 is filtered

the correlation threshold may be reduced by a window by an RC network, and amplified and chpped byaVCO
generator 38 which reduces the correlation threshold of 10 clipper 76, refiltéred and clipped again by clipper 77

a threshold circuit 40 during a preset window time  (FIG. 2b). The VCO 150 kHz signal is also input via a
when correlation should occur. When the correlation of switch SW3 to the signal mixer 62 to calibrate the sys-
the ID bits with the ID codes exceeds the threshold tem. A dwlde-by -seven counter 76 (FIGS 23) pro\ndes
established by the threshold circuit 40, a pulse 1s output a third VCO frequency at 343 kHz. The switches SW1,

to a validation circuit 42 which generates a timing mark 15 w2 and SW3 are controlled by the microprocessor 48
if the pulse meets validity criteria. A timing generator via the microprocessor control circuit 50.

44, initiated by the I, system bench mark, transfers the A dual one-shot circuit 78 (FIG. 2b) converts the

Fiming correSpondin_g to the timing mark to a bufferand signal 162 kHz and VCO 162 kHz into a series of nar-
interface control unit 46. Also input to the buffer and row pulses. A 2.4 MHz external signal is input to a

interface control unit is the status and telemetry data 20 signal counter 80 and a VCO counter 82. The counters
from a status and telemetry circuitry 43, the ID code, a 80 and 82 count the 2.4 MHz clock pulses up to n at

S/ N indicator and an Interrupt from'the timing mark. A which point the output goes high, inhibiting further
microprocessor 48 interrogates the interrupt and reads : :
. . ) _ . clock pulses input until the counters are reset by the
the information in the buffer and interface control unit : e
output of the respective halves of the dual one-shot

46 when the interrupt is set. The microprocessor 48 also 25 circuit 78. An amplifier/filter circuit 84,86 for each of

sends commands to the mgna} processqr 28 via the the counters 80,82 converts the output of the counters
buffer and interface control unit 46. A microprocessor | | s .
to a d.c. voltage level proportional to the signal and

control circuit 50 routes the microprocessor commands : ; . o
to the various circuits of the signal processor 28. The VCO frequencies. A differential amplifier 88 compares

data from the microprocessor 48, which includes all 30 ;:he Isiign::il d.c. voltage level Withl the VCC;dC vholt?ge
four channels, is subsequently transferred to a digital cvel an .fgine;?tes an error V’lo( t:i.lgefto adjust t :S;g
processor 52 which processes the data for real time:  dUePCY © the VCO 70 to track the frequency o

and/or postoperation display of the vehicle 10 track and. IN. N is selected to be less than the minimum antici-

status on a suitable display device 54. pated interval between respectivé one-shot pulses, the
FIG. 2 shows the signal processor 28 in greater detail. 35 interval being a function of the Doppler phas_e _Shlft-
The input signal (SIG IN) from the signal conditioner DATA, which is nominally at. 75 kHz for this illustra-

26 is input via amplifier 56 and clipper 38 to a frequency tion, 1s mnput to a delay circuit 90 to which an external
multiplier 60 (FIG. 2a). SIG IN for illustrative purposes 1.2 MHz clock is applied to Shlft'D{%TA_ a]ong the delay
has a frequency of 75 kHz plus or minus the frequency circuit. The purpose of tlie delay circuit 90 is to allow
change caused by Doppler shifting. A switch SW1 is 40 the D0ppler compensation circuit 30 time to lock-on so
provided to substitute a test signal (S.T.U. IN) for SIG the VCO 70 is tracking SIG IN. If there IS an acquisition
IN for system analysis and calibration. The multiplier 60 tone at the beginning of the dat?l__ message, the d;lay'
acts as a frequency doubler, outputting a signal whichis ~ Circuit 90 is unnecessary and may be bypassed via 2
approximately 150 kHz. A signal mixer 62 mixes the 150 hardwired switch SW4. DATA is lnP“t to an exclusive
kHz signal with an external 1333 kHz signal input via 45 OR gate 92 which acts as a phase comparator, and to a
buffer amplifier 64 to produce an output signal of ap- shift register 94 to which is applied the 1.2 MHz Dop-
proximately 164 kHz. The purpose of mixing to obtain pler compensated frequency from the VCO counter 72.

the 162 kHz signal is two-fold. First, a Doppler phase The shift register 94 delays DATA exactly one data bit

shift 1s magnified nine times, 1.e., a 2 percent or 1.5 kHz so the second input to the phase comparator 92 1s bemg
shift from 75 kHz becomes 3 kHz from 150 kHz, but 50 compared with the next data bit. If the phase of a bit 1s
also 3 Hz from 16% kHz which is 18 percent. Secondly, the same as the phase of the preceeding bit, 1t 1s decoded
it is possible to construct a simpler, more stable filter at as a binary “1”. A 180° phase difference is decoded as a
162 kHz due to filter Q reduction by a factor of 9 rela- binary “0”. Thus, the output of the phase comparator 1s
tive to an equivalent filter at 150 kHz. A Doppler filter ~ a stream of “1”’s and “0”’s indicative of the phase shifts
66, such as a third-order Chebishev or Butterworth 55 in DATA. The output is filtered by an RC filter. A
filter, filters the 162 kHz signal and outputs the signal to =~ comparator 96 compares the output of the RC filter
an amplifier/clipper 68. The signal is further filtered which varies between 0 and B+ with B+-/2 to provide
and clipped by clipper 69 (FIG. 2b) to produce an essen- a DIGITAL DATA TRAIN which is subsequently
tially square wave signal at approximately 163 kHz plus =~ decoded.
or minus 3 kHz. For a filter bandwidth of 2% Dop- 60  The 150 kHz data signal 1s amplified and filtered to
pler (6 kHz for this example) maximum rejection of provide a detected envelope, and is input to a plurality
sidebands is obtained without degradation performance of amplitude comparators 98,100,102,104 and 106. An
with vehicles 10 traveling up to 60 knots. RC network converts the 150 kHz data signal to d.c.
A voltage controlled oscillator (VCO) 76 (FIGS 2a), voltage levels, with comparators 98 and 100 comparing
which norminally operates at 2.4 MHz for this illustra- 65 the signal with fixed voltage levels for a noise level
tion, provides a stable norminal frequency which is determination and comparators 102,104 and 106 com-

divided to produce the required Doppler compensated paring an appropriately attenuated signal with the aver-
frequencies. A switch SW2 connects the VCO control age noise level for signal-to-noise determinations.
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The DIGITAL DATA TRAIN is input to a correla-

~ tor shift register 108 (FIG. 2d) to which is also applied
“the Doppler compensated 343 kHz VCO clock. A plu-
rality of summing networks (resistors not shown) 110

- sums the outputs of the correlator shift registers 108
?tegether with the data bit at the input. For a data mes-
“sage having a 20-bit ID code, the first bit (reference

- and/or acquistion tone).is discarded and the remaining

19 bits are summed. If the 19 bits match one of the

- predetermined codes, 1-12 in this illustration, that code
- line will ideally attain the highest sum indicating all 19
bits correlate to the code. Comparisons with the codes

are made 32 times per data bit by the 343 kHz VCO

- eleck The time resolution for this example is thus

93.3/32=2.8 sec (+1.4 psec) (1)

- which is more than adequate for high-accuracy track-

- ing. (Each data bit is seven cycles of 75 kHz from which

- the 93.3 psec per data bit is derived.) The codes are

-~ designed to have low crosscorrelation with each other

-+ sothat each summing network 110 responds to only one
- code..

A -plurality of threshold comparators 112 (FIG. 2e)

compare each code line with a threshold level equiva-

lent to between 14 and. 19 bits compared, the level deter-

- ‘mination being described in detail subsequently. Only
~ one of the threshold comparators 112 will produce an
~ output. A priority encoder 114 converts the output of

the threshold comparators 112 into a four-bit binary
code representative of which comparator, i.e., code, has

‘exceeded its threshold. The priority eneoder 114 also
‘outputs a VALIDATION signal indicating a code has

;  been detected.

Ideally the VALIDATION signal is one data bit

. ,'leng Practically it is something less than one data bit
long, but should be longer than one-half data bit long.

Therefore, the ideal end of the VALIDATION signal is

~ desired to give a timing mark at the end of the ID code

data bits to provide an accurate time for tracking with

- respect to I,. A flip-flop 116 accepts the VALIDA- 40

TION signal and the 343 kHz Doppler compensated
VCO clock and outputs for each clock cycle a mirror of

the VALIDATION signal, i.e.,, when VALIDATION

goes high Q will be low at the next clock cycle, and

.~ when VALIDATION goes low Q will be high at the
- next clock cycle. A validation counter 118 is enabled by

the output of the flip-flop 116 when the VALIDA-

“TION signal occurs and then counts the cycles of the

- 343 kHz clock for the period equal to one-half of a data
- bit.or-46§ psec (16 cycles). At 468 usec QS goes high,

- enabling NAND: gate 120 and disabling NAND gate

- 122. NAND gate 124 provides clock pulses to a timing
mark shift register 126. When Q5 is low, the 343 kHz
signal clocks the timing mark shift register 126 with

~ zeros from Q5. When QS is high, the 343 kHz signal is

divided by two at Q1 and the timing mark shift register

- 126 is clocked with ones at one-half the rate. The output
- of the timing mark shift register 126 goes high when the
~ones-have shifted eight places, generating the leading
edge: of the TIMING MARK at the end of the ideal
VALIDATION signal. See FIG. 3 for the timing in-

- volved.

A timing mark latch 128 (FIG. 2f) is clocked by a

- high frequency external clock, such as 2.5 MHz as illus-

- trated. A time counter 130 is reset to zero by the stan-
- .. dard range: clock at time I,,, the time to which the vehi-
~ cle 10/is also synchronized and at which the data mes-

sage was-transmitted. The time counter 130 then counts
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pulses of the 2.5 MHz clock until the timing mark oc-

curs. A time counter latch 132 is enabled at the timing
mark time and transfers the data from the output of the
timing counter 130 to the output of the timing counter
latch from whence it ts transferred via the microproces-

sor 48 to the data processor 52 upon a software inter-

rupt command BYTES 1-3.
If the noise level as detected by quality comparators

98 and 100 is too high (> 15 dB) or two low (<-25 dB),
a FAULT (FIG. 2¢) is indicated to notify the data pro-
cessor 52 of a system malfunction. If the signal-to-noise
ratio is between 5 dB and 10 dB (a marginal signal) or
greater than 18 dB, a S/N B flag is set. If the signal-to-
noise ratio is greater than 10 dB, a S/N A flag is set.
When the signal-to-noise ratio is greater than 18 dB, the

cross-talk inhibit circuit 37 pulls down the line at pOlnt

134 where all four channels x, y, z and c are tied to-
gether. Since the signal-to-noise ratio for all channels
should be approximately the same, an INHIBIT signal
will be generated unless the signal-to-noise ratio for the
particular channel is greater than 10 dB. The INHIBIT
is applied to the priority encoder 114 (FIG. 2¢), pre-
venting the generation of a VALIDATION signal and
thus the TIMING MARK. After a VALIDATION
signal has been received and a TIMING MARK gener-
ated, a flip-flop 136 (FIG. 2c) is set to generate an IN-
HIBIT until the microprocessor 48 has completed read-
ing the data (BYTES 0-7) generated by that message.
Also, software commands from the microprocessor 48
can create the crosstalk or inhibit situations.

The threshold levels which are used by the threshold
comparators 112 are generated by a plurality of thresh-
old gates 138. Four inputs from a voltage divider net-
work (not shown) correspond to predetermined corre-
lation levels, for example 15,16,17 or 19 out of 19 bits.
The particular level is determined by a software com-
mand at inputs A and B of the threshold gates. For
those codes which have exceptionally low cross-corre-
lation and are considered more important, the window
generator 38 reduces the threshold level further to pro-
vide greater acquisition probability, at the expense of
some spurious data, of data that may be distorted due to
multipath or poor fidelity acoustic projectors 18.

When SIG IN is received and the signal-to-noise ratio
is determined, if the S/N is greater than 10 dB, a load
flip-flop 140 has a “1” at its D input and at the next 343
kHz clock cycle Q goes high, loading a serial three-
stage counter 142 with a pre-set value. The third stage
of the counter 142 has a Q3 high after the load which is
input to its own enable line and to the D input of an
enable flip-flop 144, clockmg Q to low at the next 343
kHz clock cycle to enable via NAND gate 146 the first
two stages of counter 142, The counter 142 counts the
343 kHz cycles at 32 cycles per data bit until Q3 of the
third stage goes low, disabling the third stage and set-
ting one input of NAND gate 146 high. If Q of the
flip-flop 144 is high and Q4 of the second stage of the
counter 142 i1s low, a lowered threshold signal appears
at OR gates 148 if enabled by a dynamic threshold com-
mand (DYN CMD) from the microprocessor 48. The
output of the OR gates 148 provides a binary “11” sig-
nal to the A B control lines of one or more of the thresh-
old gates 138. For the given illustration the threshold
levels may be set by the following Table:
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Threshold Binary

Level Command

AB
+18 4 00
+16 3 01
+15 4 10
+14 2 11

The command from the window generator 38 sets the 10

appropriate threshold gates 138 to the lowest threshold

level so that 15 or more out of 19 comparisons will
generate a VALIDATION pulse. All the threshold

gates 138 are also subject to threshold commands from
the microprocessor 48.

With the third stage disabled the first two stages of
the counter 142 continue to count until Q4 of the second
stage goes high, at which point the stages are also dis-
abled via NAND gate 146 and the threshold window

terminates. FIG. 4 shows a threshold level set by the

microprocessor threshold command which requires 17
out of 19 bits of correlation for a validation pulse. Just
prior to the 19th bit, actually the 18th bit discounting
the first reference bit, the window generator 38 com-
mands minimum threshold. At the expiration of the
threshold window the threshold level returns to the
microprocessor commanded level. The preset number
for the counter 142 allows for the length of the acquisi-
tion tone or the data delay in delay line 90.

After the VERIFICATION has been checked and

the time established, the remaining portion of the data
message 1S taken up with status and telemetry informa-
tion (FIG. 2f). The microprocessor 48 for this illustra-
tion commands the TLM LENGTH ceither high or low

depending upon whether only the status bits are to be
processed or whether the complete telemetry portion is
to be processed. The transfer pulse produced by the
TIMING MARK which transfers the time from the
time counter 130 to the time counter latch 132 also
resets a telemetry counter 150. The reset of the counter
150 also enables the counter to count the 343 kHz
pulses. Every 32nd pulse, i.e., every data bit, Q5 of the
counter 150 provides a clock pulse to a telemetry shift

register 152 and a status shift register 154, the first such
clock pulse occurring after 16 343 kHz pulses i.e., in the
middle of the first status data bit.

The DIGITAL DATA TRAIN which now has only
status and telmetry bits remaining is applied to the D
input of the telemetry shift register 152 and shifted right
for each bit clock pulse from the telemetry counter 150.
If TLM LENGTH is high, the DIGITAL DATA
TRAIN 1s also input to the status shift register 154.
After 4 bits with TLM LENGTH high Q8 of the telem-
etry counter 150 goes high and an interrupt flip-flop 156
is clocked to generate an INTERRUPT FLAG at its Q
output. Power on or circuit board removal and replace-

ment sets the initialize flip-flop 155 and generates the
INITIALIZE FLAG to notify the microprocessor 48

that the particular channel is ready for initialization.
The BYTE 7 READ command, the final read com-

mand from the microprocessor 48, resets the interrupt
flip-flop 156 and initializes flip-flop 155 and removes the
INTERRUPT and INITIALIZE FLAGS.

For TLM LENGTH low the DIGITAL DATA
TRAIN 1is applied only to the telemetry shift register,
which is read by BYTES 4-6 from the mlcroprecessor
48. The output of the telemetry shift register 152 is input

to the status shift register 154 so that when the count of
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the telemetry counter is 28 data bits the interrupt flip-

flop 156 is clocked and the status data bits are in the

status shift register. The bit count which clocks the
interrupt flip-flop 156 also inhibits further counting by
the telemetry counter 150 and the data in the telemetry

and status shift registers 152,154 is ready to be read out
by the microprocessor 48 by the appropriate com-
mands. |

FIG. Sa shows a typical data message with an op-
tional acquisition tone for Doppler compensation lock-
on without internal data delay. The last 24 bits of telem-

etry data are also optional if not desired. After process-
ing by the PSK signal processor 28 the microprocessor
48 has stored the word indicated read out by the appro-

priate BY TE commands. FIG. 5b details the format of
the elght-byte word.

The mxcroprecesser 48 can control-various test and
operational functions in the PSK signal processor 28.

FI1G. Sc details the format of the two—byte control word

that can be sent to the PSK signal processor 28.

Each channel c, x, v, z is connected to the same mi-
croprocessor 48 and read on an interrupt basis. Each
channel may be removed and replaced, with the power
on generating an INTERRUPT FLAG to the micro-
processor 48 to take control. The data from the four
channels is then transferred to the data processor 52 for
analysis and display in real time as well as for postopera-
tion analysis.

Thus, the present invention prov:des a PSK signal
processor for acoustic data messages which compen-
sates for Doppler phase shifts to provide very accurate
tracking information as well as providing the ability to
pass on telemetry data and identify the transmitting
vehicle.

What is claimed is:

1. A Doppler compensated PSK signal processor for
underwater acoustic telemetry messages having an
identity code portion and a status and telemetry portion,
said messages being transmitted from a plurality of vehi-
cles moving relative to a sensor array and to each other,
comprising means for processing independently said
telemetry message received by each sensor of said sen-

SOT array, said processing means for each sensor com-
prising:

(a) means for generatlng a plurahty of timing signals
from said received telemetry message, said timing
signals tracking the carrier frequency of said re-
celved telemetry message to compensate for Dop-
pler frequency shifts due to the movement of the
particular transmitting vehicle relative to said sen-
sor array; and

(b) means for validating said received telemetry mes-
sage and generating a timing mark upon recogni-
tion of a valid identity code for said particular
transmitting vehicle, said validating and generating
means being Doppler compensated by said timing
signals, and said timing mark establishing a time
which is a function of the range of said particular
transmitting vehicle from said sensor.

2. A Doppler compensated PSK signal processor as
recited in claim 1 wherein said generating means for
timing signals comprises: -

(a) means for constructing an intermediate carrier

frequency from said received telemetry message,
said intermediate carrier frequency varying from a

“nominal intermediate frequency due to Doppler
phase shifting;
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(b) a reference voltage controlled oscillator having a (a) means for amplifying the percent Doppler shift of
nominal output frequency, said reference voltage ~ said intermediate carrier frequency from said nomi-
controlled oscillator producing said timing signals; ‘nal intermediate frequency by mixing with a com-

Frive
L

(c) means for converting said intermediate carrier

~ being controlled by said timing signals to detect the
phase shifts between data bits in said received tel-
emetiry message;
(b) a correlator to which is input said detected phase
- shifts under the control of said timing signals, said
correlator comparing said identity code portion of
said received telemetry message with a plurality of
valid identity codes;
(c) a threshold circuit to generate a validation pulse
- when the correlator comparison exceeds a prede-
termined threshold value, and to identify which of
said identity codes generated said validation pulse;
- (d):means for determining said timing mark from said

validation pulse.
4.'A DOppler compensated PSK signal processor as

recited in:claim 3 further comprising means for deter-
‘mining .a 51gna1 strength for said received telemetry
- message.

~5.'A Doppler compensated PSK signal processor as

'recit_ed in claim 4 further comprising means for reduc-
- ing said predetermined threshold value when said signal

strength exceeds a first predetermined signal-to-noise
- ratio.

6.. A Doppler compensated PSK signal processor as
recited in claim 5 further comprising means for inhibit-
ing said validation pulse when said signal strength ex-

ceeds a second predetermined signal-to-noise ratio for
. one of the other sensors of said sensor array and said

signal strength does not exceed said first predetermined
signal-to-noise ratio for the particular sensor being pro-
cessed. ‘

7. A Doppler compensated PSK signal processor as

recited in claim 6 further comprising means for separat-

~ 9.'A Doppler compensated PSK signal processor as
recited in claim 8 wherein said converting means com-
prises:

30

35

43
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mon reference frequency;

~ frequency and said nominal intermediate frequency 5  (b) means for amplifying and clipping both said mixed
derived from said nominal output frequency to intermediate carrier frequency and said mixed
voltage levels, said voltage levels bein.g a function nominal intermediate frequency;
of the respective frequenc:es and - ¢ (c) means for converting said amplified and clipped
- (d) means for comparing said voltage levels to pro- mixed intermediate carrier frequency and mixed
 duce an error signal, said error signal being applied 10 nominal intermediate frequency into pulses;
 to said reference voltage controlled oscillator so (d) means for counting a predetermined number of
that said nominal output frequency tracks said in- cycles of an external fixed frequency source be-
termediate carrier frequency, reducing said error tween each successive pulse for said mixed inter-
signal to zero. mediate carrier frequency and for said mixed nomi-
3. A DOppler compensated PSK signal processor as 5 nal intermediate frequency, the output of said
recited in claim 2 wherein said validating and generat- counting means being at a first voltage level when
~ ing means comprises: | said pulse is received until said predetermined num-
(a) a differential detector to which is input said re- ber of cycles is counted, said output then switching
ceived telemetry message, said differential detector 20 to a second voltage level; and

(e) means for averaging said first and second voltage
levels for said mixed intermediate carrier fre-
quency and for said mixed nominal intermediate
frequency to produce said intermediate carrier
frequency voltage level and said nominal interme-
diate frequency voltage level for input to said com-
paring means.

10. A Doppler compensated PSK signal processor as
recited in claim 9 wherein said differential detector
comprises means for comparing each data bit of said
received telemetry message with the subsequent data

bit, said data bit comparing means outputting a pulse

when said data bits are out of phase to produce a digital
data train.

11. A Doppler compensated PSK signal processor as
recited in claim 10 further comprising means for calcu-
lating the noise range and signal-to-noise ratio range of
said received telemetry message.

12. A Doppler compensated PSK signal processor as
recited in claim 11 wherein said reducing means com-
prises:

(2) means for counting the data bits of said received
telemetry message when the signal strength ex-
ceeds said first predetermined signal-to-noise ratio;

(b) means for generating a threshold command to
reduce said predetermined threshold value prior to
the last data bit of said identity code portion of said
received telemetry message; and

(c) a threshold gate which inputs threshold levels to
said threshold circuit, said threshold gate reducing
selected threshold levels to said threshold circuit
upon receiving said threshold command.

13. A Doppler compensated PSK signal processor as

recited in claim 12 wherein said correlator comprises:

- ing said status and telemetry portion of said received 55 () a high resolution shift register with a number of
~ telemetry message from said identity code portion taps equal to the number of data bits in said identity
under the control of said timing signals. code portion of said received telemetry message;
~ 8.:A Doppler compensated PSK signal processor as and
recited in claim 7 further comprising: (b) a plurality of summing circuits, one for each of
‘(a) means for communicating said status and teleme- 60 said valid identity codes, each of said summing
try portion, said identity code and said time estab- circuits being connected to each data bit output of
lished by said tlmmg mark to a microprocessor for said shift register and to the input data bit to said
further data processmg, and shift register through inverting or non-inverting
_ (b) means for receiving commands from said micro- buffers according to the particular valid identity
Processor. 65 code for that summing circuit.

14. A Doppler compensated PSK signal processor as
recited in claim 13 wherein said threshold circuit com-

prises:
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(a) a plurality of threshold comparators, one for each
of said valid identity codes, each of said threshold
comparators having one input connected to one of
said summing circuits and a second input from said
threshold gate; and

(b) means for converting the output from one of said
threshold comparators which exceeds the thresh-
old level from said threshold gate into said valida-
tion pulse and an identity code number for the
particular valid identity code of said received tel-
emetry message.

15. A Doppler compensated PSK signal processor as
recited in claim 14 wherein said timing mark generating
means comprises:

(a) a timing mark shift register:

(b) means for counting one of said timing signals for

one-half of an ideal validation pulsewidth:; and

(c) means for shifting a timing mark pulse through
said timing mark shift register at one-half rate of
said one of said timing signals for the period that
the pulsewidth of said validation pulse exceeds
one-half of said nominal validation pulsewidth and

at normal rate subsequently such that said timing -

12

mark arrives at the output of said timing mark shift
register at the end of said ideal validation pulse-

width. |
16. A Doppler compensated PSK signal processor as
> recited in claim 15 further comprising means for count-
ing up a fixed enternal clock from an initial time syn-
chronized with the transmission time of said received
telemetry message until said timing mark is generated,
the count of said counting up means corresponding to

10 said time established by said timing mark.

17. A Doppler compensated PSK signal processor as
recited in claim 16 wherein said separating means com-
prises:

15 (a) a telemetry counter which is inhibited until said
timing mark occurs, said telemetry counter count-
ing said one of said timing signals and outputting a
clock at the data bit rate of said received telemetry
message; and

20 (b) atelemetry shift register to which said digital data
train is input by said clock from said telemetry
counter.

X X * *
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